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ABSTRACT 
 
Haemonchus contortus is one of the most important parasites that infects sheep and exerts its 
pathogenic effects by sucking blood, causing disturbances of organ-functions. The present study was 
conducted to examine the effect of experimental Haemonchus contortus(H.contortus)infection on 
haematological and parasitological parameters and to assess the efficacy of albendazole and 
ivermectin treatment. A total of 16sheep were allotted in to four equal groups: a single dose of 5000 
third-stage (L3) infective larvae of H.contortus was orally administered to animals from the first 3 
groups (Group 1- infected treated with albendazole, Group 2- infected and treated with ivermectin 
and Group 3 - infected non-treated) whereas the last group not infected and served as negative 
control. All experimentally infected animals appeared to be highly susceptible to the infection by 
H.contortus. All Haemonchus infected sheep showed a progressive and severe anaemia 
characterized by marked reductions of body weight, packed cell volume (PCV), haemoglobin 
concentration (Hgb) and red blood cell (RBC) count compared to control animals with a significant 
difference (P<0.01).Adult worm population and the egg excretion positively and significantly 
correlated together, whereas they were negatively associated with body weight, and the other 
haematological parameters. In the three groups of lambs infected with Haemonchus (G1, G2, and 
G3) treated with albendazole, ivermectin and non treated similar egg excretion patterns was 
observed starting from day 21 post infection, with a regular increase in FEC. The total mean number 
of H. contortus worms recovered at necropsy from abomasum of infected non-treated lambs (G3) 
was 1519.00.The significant loss of body weight, development of heavy worm burden and severe 
anaemia as indicated by reduced PCV in untreated infected lambs indicated high susceptibility of 
the lambs to H. contortus. On the other hand, complete absence of the parasite, improved PCV value 
and body weight after treatment of infected animals albendazole and ivermectin treated infected 
group proved 100% efficacy against H. contortus. 
 
Keywords: Haemonchus contortus, Sheep, Anaemia, Albendazole, Ivermectin 
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1. INTRODUCTION 
 
 
In Ethiopia, small ruminants are important sources of income for rural communities whose 
livelihood is largely based on livestock production (Abebe and Esayas, 2001; Biffa et al., 2006). 
However, sheep production in the country is hindered by many factors including animal health 
constraints, inadequate nutrition and poor husbandry systems (Sissay et al., 2006). Studies in 
different parts of the country have shown that gastro-intestinal nematodes are major problems in 
sheep production, causing mortality and production losses (Biffa et al., 2006). 
 
Common pasture-grazed animals are frequently exposed to multiple parasitic infections which are 
mainly gastrointestinal nematodes that may cause considerable animal health problems in many 
parts of the world (Waller et al., 2004). In Ethiopia, the farm animals are kept in communal pasture 
throughout the year and climatic conditions are favorable for development as well as survival of 
infective stages of helminthes parasites. Haemonchosis is ranked as the major constraints on sheep 
and goat production and causes anemia, diarrhea and emaciation resulting in reduced weight gains, 
and increased mortality and production cost (Miller et al., 1998). 
 
Infection with the blood-feeding nematode, H. contortus is the major constraint in sheep and goats 
health and production in temperate as well as tropical regions. The parasite mainly affects the 
abomasal mucosa of its host. Adult worms feed on blood and can cause severe anemia, resulting in 
poor growth rate and weight loss, and heavy infections can cause death (Waller et al., 2004). Host 
responses to infection by nematode parasites vary depending on intrinsic factors such as host, breed, 
sex, age as well as nematode species involved. 
 
Haemonchus  contortus, found  in  the  abomasum,  is  regarded  as  the  most prevalent  pathogenic  
and  economically  important  parasite  of  small  ruminants  (Waller et al., 2004) in humid and sub 
humid tropics including Ethiopia. The losses caused by H.contortus are more severe and important 
due to its extreme pathogenecity, wide geographical distribution, diversified host spectrum and its 
high prevalence in small ruminants (Balic et al., 2000). Among important clinical responses, 
haematological and parasitological parameters provide an excellent basis for judgment with respect 
to the nature of the disease, the extent of tissue and organ damage, the response of defense 
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mechanism of the patient, in diagnosing the type of possible anaemia and may serve as an index to 
characterize health status of animals (Albers et al., 1990).  
 
Currently, failure of anthelmintic efficacy due to anthelmintic resistance in sheep and goat 
nematodes is becoming a wide spread threat in Europe, Australia, South America and is of 
increasing importance in certain African countries like South Africa and Kenya (Urquhart, 1996). 
 
The use of anthelmintics has been practiced for a long time and constitutes a major share of the 
veterinary service costs in Ethiopia. In Ethiopia, Albendazole and ivermectin is widely used against 
gastrointestinal nematodes including Haemonchus species but, resistance of Haemonchus against 
albendazole and ivermectin were reported by Sissay et al., (2006) in Eastern Ethiopia. However, studies on 
haematological impacts and anthelmintics efficacy under experimental condition is not reported in 
northwest Ethiopia. Therefore, the present study was initiated to address the impacts of Haemonchus 
infection in experimentally infected sheep.  
 
General objectives 
 To study the effect of experimental Haemonchus contortus infection on haematological and 
parasitological parameters, and to assess the efficacy of albendazole and ivermectin 
treatment. 
 
Specific objectives 
 To assess response of infected sheep interims of changes in haematological and 
parasitological parameters after experimentally infected with local isolate of Haemonchus 
contortus third stage larvae  (L3) 
 To evaluate the efficacy of albendazole and ivermectin in experimentally infected sheep with 
Haemonchus contortus. 
 To determine the parasite burden at the end of experimentation  
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2. LITERATURE REVIEW 
 
 
2.1 Scientific classification of Haemonchus 
 
Kingdom: Animalia, Phylum: Nematoda, Class: Secernentea, Subclass: Rhabditia, Order: 
Strongylida, Family: Trichostrongylidae, Genus: Haemonchus, Species:H. contortus(Soulsby, 
1982;Urquhart et al., 1996) 
Haemonchus contortus, also known as the barber's pole worm, is very common parasite and one of 
the most pathogenic nematodes of ruminants. Adult worms attach to abomasal mucosa and feed on 
the blood. This parasite is responsible for anemia, oedema, and death of infected sheep and goats, 
mainly during summer in warm, humid climates. 
 
 
2.2 Morphology of H. contortus 
 
The members of the genus Haemonchus are large worms. They are known as the large stomach 
worms of ruminants because they are the largest worms of the abomasum.The females are about 20-
30 m.m.in length and the males are about 10-20 mm. long. They have a bulb-shaped oesophagus, 
small buccal cavity with a small lancet and cervical papillae. The female has a well developed 
valvular flap and the male has also a well developed copulatory bursa supported by rays with spicles 
and gubernaculums. The male bursa is divided into four lobes two lateral, one dorsal and the other is 
ventral. The dorsal lobe is asymmetrical with the others and characterized by supportive rays in the 
shape of the letter (Y). The female ovaries are spirally wrapped around the blood filled intestines 
giving the appearance of a barber pole. The adult worm is usually red in colour when encouraged 
with blood (Soulsby, 1982; Omar, 1999). 
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2.3 Life cycle of H. contortus 
 
The life cycle of H. contortus is typical to its super family Trichostrongylidae which have a direct 
life cycle (Soulsby, 1982). The development alternates without any intermediate host. Generally, the 
life cycle of this parasite is divided into two phases. The first one includes the extra host stages or 
the free living stages such as eggs and first, second and third larval stages (per parasitic or non-
parasitic phase). The second one is the parasitic phase, which includes fourth and fifth larval stages 
and mature worms. The lifecycle starts when mature female worms lay fertile eggs in the abomasal 
lumen. The eggs pass through the alimentary tract and get out with faeces. The female of H. 
contortus is a proficient egg layer, any female lay about 5000-15000 eggs per day (Hansen and 
Perry, 1994). There are many factors which affect the fecundity of H. contortus females and faecal 
egg excretion such as the number of worm burden, host immunity, the physiological status of the 
host (e.g: parturition) and the age of the worms. At the beginning of egg production the female 
worm lays a small number of eggs per day. This will then increase rapidly to reach a peak 25 to 30 
days post infection before egg production capacity declines during the following period.  
 
The egg of H. contortus hatches to the first larvae in favorable environmental conditions specially 
moisture and temperature (Hansen and Perry, 1994).The first larvae moult and exchange their 
cuticle sheath to the second larvae. Both the first and the second larvae had a rhabditoform 
osoephagus and they live freely, feeding on the bacteria and faecal micro flora. These stages are 
sensitive to adverse environmental conditions such as low or high temperature and drought, thus 
their survival is not long in the environment. The second larvae moult to the third ones, but their 
cuticleis not casted off and acts as a protective sheath for this stage. The third larval stage is the 
infective stage. It is a no feeding, motile and has well survival ability in different conditions because 
of the cuticle sheath. The larvae migrate horizontally and vertically according to changes in 
temperature, moisture and humidity during the day time. They can also migrate up and down plates 
of grass according to the amount of moisture. For example, when the dew is on the grass or there is 
a rainfall, the larvae migrate to the top of the herbage, but following evaporation larvae will migrate 
down the herbage and even into the soil (Hansen and Perry, 1994).This behavior is a survival 
mechanism for the parasite before finding a suitable host. The larvae invade the host orally through 
contaminated food and water. After ingestion the infective larvae reach the rumen where they 
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exsheath and move to the abomasum and invade the mucosa. The fourth larval stage appears three to 
four days post ingestion. On special occasions, the development of the fourth larvae is inhibited for 
a period of time reaching three to four months before they resume their development later. Normally 
the fourth larvae stages moult to fifth larval stage which develops to adult worm (Soulsby, 1982).life 
cycle of Haemonchus contortus shown in figure 1 
 
 
 
Figure 1: The life cycle of H. contortus. (Soulsby, 1982) 
 
 
2.4 Epidemiology 
 
H. contortus has a worldwide distribution in both temperate and tropical zones (Blood and 
Radostitis, 1989; Urquhart et, al. 1996). The occurrence and significance of the disease depend 
mainly upon the availability and density of infective larvae invading the host. This is controlled by 
many factors including environmental conditions, which play a major role in the control of the 
development and survival of extra host stages of the parasite. Field studies showed that the optimal 
temperature for H. contortus free living stages is 20 to 30 degree centigrade and 75 to 91% of 
relative humidity (Fakae and Chiejina, 1988). 
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In tropical and subtropical regions there are three types of climates; humidtropical, savannah type 
and arid tropical. The humid tropical climate provides permanent favorable environment for the 
survival and development of parasitic larvae. For example, Ikeme et al., (1987) found that 
haemonchosis occur throughout the year in Malaysia and the infective larvae are available in the 
pasture throughout the year. In the rainy season, however, the number of infective larvae (the 
pasture contamination rate) is usually high and the number of intrahost stages is also high (Fakae, 
1990; Omar, 1999). No significant hypobiosis occurs until the end of this season. In the long dry 
seasons (winter and summer) the numbers of free living stages are low, as the temperature and 
humidity are unfavorable for this stage to survive and develop. Also the number of worm burden is 
also low while the number on hypo biotic larvae increases immediately after the onset of the dry 
season. Nevertheless, the arid tropical climate is rather unfavorable for H. contortus development 
and survival. 
 
The epidemiological status in temperate zone is quite different from that of the tropics. The low 
temperature in winter is considered as unfavorable for H. contortus free living stages to survive and 
develop (McKenna, 1973). However, the parasite over winter exists as arrested larvae. These 
arrested larvae resume their development in spring showing the phenomenon of spring rise in faecal 
egg count. This will eventually lead to pasture contamination and increased number of free living 
stages of the parasites on pasture up to the autumn season. The incidence and prevalence of 
haemonchosis is not significantly influenced by sex, but the physiological status of female animals 
showed a different host parasite-relationship between male and female hosts. The phenomenon of 
faecal egg rise which has been early observed in female animals in connection with pregnancy, 
parturition and lactation was due to hormonal or immunity changes (Asanji, 1988). 
 
Variations between age groups in the prevalence and pathogen city of haemonchosis had been well 
studied (Asanji, 1988). These workers found that prevalence and the pathogen city is higher in 
young animals as compared to the old ones. In old animals the immune response is stimulated by 
previous exposure to infection. The infection in young animals is always acute and shows severe 
clinical signs, high mortality rate and severe pathological lesions (Blood and Radostitis, 1989). In 
addition, lambs were less resistant than older sheep to second infection with H. contortus and 
responded poorly to secondary challenge after immunization with irradiation-attenuated H. 
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contortusvaccine. Young lambs appeared to be less able than older animals to resist parasite 
establishment and expel existing worm burden of H. contortus (Emery, 2000). 
 
Animals are usually infected by ingestion of infective larvae (L3) of H. contortus. The occurrence of 
the disease therefore, depends mainly upon the availability of this infective stage (Hansen and Perry, 
1994). In naturally infected sheep, Eysker and Ogunsusi, (1980) found that at the beginning of the 
rainy season, the first two waves of haemonchosis were acute and fatal in lambs (high worm burden) 
than in old ones. However the third generation of infective larvae in the same rainy season caused 
chronic haemonchosis (low worm burden). They also found high level of hypobiotic larvae at the 
end of the rainy season. The authors stated that the continuous exposure to infective larvae during 
this season induced hypobiosis and low adult worm burden at its end.  
 
 
2.5 Hypobiosis 
 
The arrested development of a parasite is known as hypobiosis, which means a temporary delay or 
inhibition of the parasite development on the host at a certain stage (Fernandez et. al., 1999). It 
apparently represents the primary means for the survival of the parasite under adverse environmental 
conditions. The arrest of development in H. contortus larvae occurs at the fourth larval stage. 
Fluctuation of the number of hypobiotic larvae was observed according to seasonality and climate 
variation during the year (Connan, 1971; Mckenna 1973. It was established that during spring and 
summer the numbers of inhibited larvae were low. They reached the peak at late autumn and 
constituted the bulk of the parasite population during winter in temperate areas. Hypobiosis was also 
observed in tropical and subtropical. Inhibition of development of H. contortus was found to occur 
shortly before or after the third moult at fourth larval stage (McKenna, 1973). The inhibited larvae 
play a great role in the epidemiology of haemonchosis. 
 
The resumption of development of H. contortus inhibited larvae has yet to be determined. Soulsby 
(1966) has early suggested that lowered resistance of the host may be responsible. On the other 
hand, Gibbs (1967) suggested that the maturation of inhibited larvae may be stimulated be seasonal 
changes in host’s hormones. As alternative hypothesis, they have postulated that for this parasite, 
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inhibited development may be a diapuase-like phenomenon and may occur spontaneously without 
the need to be triggered by some host factors. 
 
2.6 Pathogenesis 
 
The pathogenecity of Haemonchus infection is mainly related to blood loss. The fourth stage larvae 
and the adult worms are bloodsuckers. They pass large amounts of blood through their digestive 
tract from affected sheep causing loss of all blood elements including red cells and plasma proteins. 
The average blood loss has been calculated as 0.05ml/parasite/day. Thus anaemia and 
hypoproteinemia result from infection (Albers et al., 1990; Ahmed et al., 1990).  
 
The pathogenesis of haemonchosis depends upon many factors that control the dynamic and the 
density of the pathological changes of the disease. These factors including, the dose of infection, 
number of total worm burden, and the nutritional status of the host, immunity of the host and the age 
of the animal (Hansen and Pery, 1994; Urquhart et al., 1996) .Soulsby (1982) reported three forms 
of haemonchosis depending on the magnitude of the worm burden. Animal harboring ≤ 1000 worms 
showed chronic haemonchosis, animal with 1000-10000 developed acute haemonchosis and animal 
with more than 10000 showed per- acute disease. Dargie, (1975) considered three phases of 
haemonchosis that might occur; in the first, sheep may lose large amounts of blood in the first three 
weeks of infection. Because the erythropoietic system requires time to adjust and to increase its 
output of blood, then an outbreak of acute haemonchosis may occur. In the second phase (from 1-2 
months) although there may still be a sustainable loss of red blood cells, packed cell volume (PCV) 
values may not decrease further as the host is able to compensate by increasing erythropoiesis. In the 
final phase PCV may decline rapidly as the erythropoietin system becomes depleted due to iron 
deficiency and possibly to reduction in the availability of amino acids. 
 
 Moreover, Mottelib et al (1992) and Ghulam-Rasool et al (1995) reported that haemonchosis in 
sheep significantly decreases body weight gains, haemoglobin concentration, PCV values and total 
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erythrocytes count. These changes are significantly correlated with high parasitic burden and 
(Ahmed and Ansari, 1989). 
 
Gross pathological lesions were shown to occur due to migration of the larvae of H. contortus into 
pits of the gastric glands in the abomasal wall and the physical injury caused to the mucosa by the 
attachment of the adult worms causing abomastitis (Blood and Rodostitis, 1989).  
 
2.7 Clinical Signs 
 
There are three forms of haemonchosis. The hyper acute form occurs mainly in the tropics where the 
biotic potential is very high and worm burdens can suddenly become huge over a period of a few 
days. Signs in this form of the disease will include sudden death in apparently healthy sheep and 
severe anaemia. In temperate regions, an acute form can arise. This will consist of oedema, loss of 
condition, diarrhoea, lethargy and death. The sheep will also be anaemic and hypoalbuminaemic. 
The chronic form can arise over two months or so and signs will include progressive weight loss or 
reduced weight gain and diarrhoea and will appear similar to signs of poor nutrition (Van Wyk and 
Bath, 2002). 
 
 
2.8 Diagnosis 
 
In diagnosing haemonchosis, the three pillars of veterinary diagnosis apply: history, clinical signs 
and gross pathology, and laboratory aids. Also knowledge of the local nuances of parasite 
epidemiology and control is invaluable. Faecal worm egg counts (FWECs) in particular with 
speciation by way of larval culture and differentiation, and total worm counts are the tests most 
commonly employed in the diagnosis of Haemonchus infections in ruminants (Love and 
Hutchinson,2003).  
 
Diagnosis of haemonchosis is made based upon the characteristic clinical signs of anemia, 
submandibular edema weight loss, and ill thrift along with finding large numbers of trichostrongyle 
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eggs in the feces. An accurate diagnosis is essential when haemonchosis is suspected, given the 
potential for signiﬁcant and ongoing animal mortalities without appropriate and timely treatment. It 
is also important to exclude haemonchosis when it is suspected not to be involved, as some of the 
clinical signs are not speciﬁc; in particular, sudden deaths of livestock in endemic zones. The signs 
and laboratory procedures used to detect clinical disease are also used to monitor for subclinical H. 
contortus infection (Kaplan et al., 2004). 
 
 
2.9 Treatments 
 
There are several anthelmintic groups (i e, classes with distinct mechanisms of effect on target 
helminths) available for blood-feeding parasites. Without considering older compounds no longer 
widely used, at least six single-active anthelmintic groups are produced for use against H. contortus, 
and a number of others marketed as combinations, although the range available at any one time 
varies among countries. Less fortunately, there is no guarantee that all chemicals will be uniformly 
effective in any one region, due to the widespread occurrence of anthelmintic resistance (Martin, 
1997).  
 
2.9.1 Anthelmintic groups 
 
Benzimidazoles: The ﬁrst modern broad spectrum anthelmintic, thiabendazole, was released for 
commercial use in the early 1960s, to be safe, easy to administer and highly effective (>95%) 
against a wide range of major ruminant parasites (including nematodes, some trematodes) and 
against the immature parasitic stages of some species. Due to the time of their availability and 
frequent use, resistance in nematodes to the benzimidazoles has been widespread globally for many 
years; used alone, the group is rarely still effective against the dominant strongylid species in a 
particular region (Playford et al., 2014). 
 
Ivermectin: is one of the most widely used anti-parasitic drugs worldwide, as it has broad spectrum 
activity against nematodes and arthropod parasites, and its efficacy is well established. It was 
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introduced by Merck Sharp & Dohme as an anti-parasitic agent in 1981 (Woodruff and Burg, 1986). 
It belongs to the family of anthelmintics called macrocyclic lactones and is a chemical derivative of 
a naturally occurring fermentation product, avermectin B1. This substance is one of a series of 
compounds called ivermectin; they are produced by Streptomyces avermitilis, an actinomycete 
originally isolated from soil in Japan. 
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3. MATERIALS AND METHODS 
 
 
3.1 Study area 
 
The study was conducted at Gondar University, Tewodros campus, College of Veterinary Medicine 
and Animal Sciences (CVMAS) experimental animal house. The area is located in Amhara National 
Regional State, about 750 km Northwest of Addis Ababa, at an altitude of 2300 meters above sea 
level. It has a mean annual rainfall of 1800 mm and a mean annual temperature of 20 degree 
centigrade (CACC, 2003). 
 
 
3.2 Study type and study period 
 
Experimental study involving randomized experimental trial in Haemonchus contortus infection in 
sheep with study on its haematology and treatment trial. The total study period was from December 
2016 to March 2017.  
 
 
3.3 Experimental animals and management 
 
Sixteen both male (8) and female(8) local breed of sheep, aged ten to twelve months, weighing16-
20kg and reared under traditional management condition around Gondar area, were selected and 
purchased from a local open market for inclusion in the study. During the experiment period (70 
days), all animals were kept in the same conditions and ration (dried hay and concentrate feed).All 
animals were housed in four separate pens with raised concrete based units and a solid partition 
separated by adjacent pens and allowed to acclimatize for one month. Cares were taken to avoid 
contamination of pens with nematode larvae from outside. The pens were cleaned daily to avoid 
accidental infection from supplied feed (dried hay and concentrate feed).Tape water was supplied 
ad-libitum throughout the adaptation and experimental period which is presumed to be free from any 
parasite infection. Before the commencement of the experiment, all animals were dewormed with 
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Ivermectin(Shenyangsunvictor Pharmaceutical Co.,Ltd/China Co.,Ltd./ China) at 0.02ml /kg body 
weight to clear any parasite that may present. After 10 days, the faecal samples of all animals were 
examined for the presence of any parasitic eggs, using faecal analysis by flotation, sedimentation 
and fecal culture (MAFF, 1986) and the result showed absence of any parasite egg.  
 
 
3.4 Collection of adult parasites and culturing of eggs  
 
Adult female H. contortus were collected from the abomasum of sheep obtained from local 
slaughter houses in Gondar town following the standard procedure as described by Rahman and 
Collins (1990). The abomasum were removed soon after evisceration and transported to the 
Parasitology laboratory, College of Veterinary Medicine and Animal Sciences, University of 
Gondar. Thereafter, they were opened along the greater curvature and their content emptied into a 
4liter plastic bucket containing 2 liters of water. The parasites were recovered by passing the 
content through a sieve of 100 μm diameter wire mesh and were picked with wire loop. Adult 
female H. contortus were identified and separated from male parasites based on their morphological 
characteristics following the keys and description given by Taylor et al., (2007). The female 
parasites were crushed in a mortar and pestle to obtain the eggs. The resultant homogenate would be 
then mixed with crushed horse faeces that would be sterilized by heating at 140 degree centigrade 
for 2hrs (Roberts and O’Sulivan, 1950).The eggs together with the sterile horse fecal were cultured 
at room temperature ranging between 25-27
o
C for about10-12 days; after which the infective larvae 
(L3) were harvested using Standard Baermann technique (Soulsby, 1982) 
 
 
3.5 Collection of infective Larvae (L3) from cultures  
 
The Standard Baermann technique (Soulsby, 1982) was used to recover Haemonchus contortus 
larvae (L3) from the faecal cultures as follows: The gauze containing the cultured faecal samples 
were placed in a funnel with a short clamped tube attached to its stem. The funnels were filled with 
water and the apparatus were left for 24 hours during which the larvae actively migrate out of the 
faecal material and collected by gravity in the stem of the funnel. The fluids from the stem of the 
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funnel were then collected into a beaker. The larvae were stored at 4°C until used in small volumes 
of water in aerated, flat-bottomed flask. Viability of larvae was ascertained by microscopic 
examination at each dosing of larvae; the number of living larvae was counted. Confirmatory 
identification of the recovered larvae’s infective third larval stage was carried out according to 
Soulsby (1982).  
 
 
3.6 Experimental design and grouping 
 
A randomized complete block design was used and sheep were randomly allocated into blocks. 
Within blocks, experimental animals were randomly allocated into to four experimental groups 
shown in table 1 (four animals each) designated as G1 (infected treated with albendazole), G2 
(infected treated with ivermectin), G3 (infected non-treated) and G4 (negative control). 
Experimental groups as. The animals were weighed, ear tagged for identification. 
Table 1: Experimental groups 
 
Gro
up 
Infection 
status 
Weeks of observation Treatment 
status 
 
Weeks of observation 
D0 D
7 
D
14 
D
21 
D28 D35 D42 D49 D56 D63  D70 
Alb Ivr 
G1 Infected  5000L3           p.m. 
G2 Infected  5000L3           p.m. 
G3 Infected  5000L3           p.m. 
G4 Negative  100ml 
water 
          p.m. 
 
Where Alb= albendazole,   Ivr= ivermectin,   p.m= post mortem 
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3.7 Experimental infection with Haemonchus contortus 
 
Based on the proportion of the active larvae, the infective doses were prepared. Larval suspensions 
were pipette into 60 × 15 mm Petri dish and the motile larvae were counted under a dissecting 
microscope. One month after anthelmintics deworming, on Day0 (Haemonchus infection) the first 
three groups of lambs’ were infected with a single dose of 5000 third stage larvae of H. contortus. 
The larvae were administered to experimental animals orally with 100 ml normal saline water, using 
a drenching gun. The fourth group (G4) was remained as non-infected control was drenched with 
water placebo (Coles et al., 1992). Each week throughout the experimental period, animals were 
weighed; faecal samples collected and worm eggs counted as well as haematological analysis were 
conducted. 
 
 
3.8 Treatment of infected animals 
 
Five weeks after infection (D35) animals in first group were treated with Albendazole300 mg bolus 
(East Africa Pharmaceutical EAP Ethiopia at 5mg/kg body weight and the second group treated with 
ivermectin (Shenyangsunvictor Pharmaceutical Co.Ltd/China) 1% solution 50ml inject able at a 
dose rate of 0.02 ml/kg. The third group was infected non treated group and the fourth group was no 
infected control group and was drenched with water placebo. Albendazole was administered orally 
with the help of drenching gun and ivermectin was administered subcutaneously (Ibrahim et al., 
1984). 
 
3.9 Data collection techniques  
 
3.9.1 Clinical observations 
 
The experimental animals were thoroughly observed daily for clinical changes with special attention 
to appetite, general body condition, visible mucous membranes and consistency of the faeces.  
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3.9.2 Body weight measurement 
 
The animals were weighed weekly for the whole duration of the experiment using spring balances 
(Hansen, Model 603, U.S.A.).The body weight of each animal was recorded starting from one week 
before the start of experimental infection.  
 
3.9.3 Parasitological examination 
 
Faecal egg count: Individual fecal samples were collected from all experimental animals weekly 
starting from day 0 (H. contortus infection) until the end of the experiment (day 70) to assess 
Haemonchus egg excretion. Each faecal sample was taken per rectum for all animals. The faecal egg 
counts (FECs) were performed following a modified McMaster technique using sodium chloride 
(specific gravity of 1.2) as flotation solution. For each sample, 3 g of faeces were added to 42 ml of 
flotation solution. The total number of eggs count in two chambers (each with a Volume of 0.15 ml) 
of McMaster slide were multiplied by 50 to get the number of egg per gram of faeces (EPG). The 
eggs in the two chambers were counted and the numbers of eggs per gram of faeces (epg) were 
obtained according to the formula (MAFF, 1986) 
 
epg = number of eggs in the two chambers X 50 
 
Faecal Egg Count Reduction Test (FECR, %): The efficacy of the two anthelmintic used in this 
study were determined by using the fecal egg count reduction test from a group of animals before 
treatment (Day 0) and after treatment. The faecal egg count of each experimentally infected as well 
as control positive groups were made using modified McMaster egg counting techniques (Soulsby, 
1982), on the day of pre- treatment and on the day of post-treatment. Using the arithmetic means of 
faecal egg count, the efficacy of each drug was calculated using the following formula. 
 
FECRT % = T1-T2 X 100 
                      T1 
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Where T1- pretreatment and T2 is post treatment arithmetic mean of egg per gram of feces. If the 
value of FECRT % is less than 90%, it can be used as a criterion to indicate the presence of 
resistance to anthelmintics (Wood et al., 1995). 
 
Postmortem worm counts: After slaughter of animals, the abomasum was separated, opened and 
its contents emptied into a plastic bucket. The mucosa was thoroughly washed and the washings 
added to the contents. The whole sample were passed through a 150 mm sieve to eliminate course 
materials and preserved in 10% buffered formalin. The abomasum were then digested in warm 
normal saline at 37°C for 6 h and thoroughly washed. The washings were preserved in 5% formalin. 
A 10% aliquot sample of contents, washings and digestion were searched for H. contortus. If no 
worms were found, then second 10% samples were examined. Alcoholic solutions of iodine (5%) 
were added to colour the material in the samples. Worms were differentiated according to sex and 
counted using a stereomicroscope. The establishment rates (%) of parasite were determined from the 
number of parasite larvae inoculated and the number found in abomasum of each animal (Wood et 
al.., 1995). 
 
3.9.4 Haematological examination 
 
Blood samples were taken weekly from Day0 to the end of the experiment (Day70) from each 
individual sheep in order to determine packed cell volume (PCV), haemoglobin (Hgb) 
concentration, total red blood cell (RBC) and total white blood cell counts (WBC). About 5ml of 
blood was collected by jugular vein puncture into vacutainer tubes coated with EDTA as 
anticoagulant.  
 
Haemoglobin concentration was measured by Sahli’s method (acid haematin method) described by 
Jain (1988). The method depends on the conversion of haemoglobin to acidhaematin by adding a 
small amount of diluted hydrochloric acid (HCl). The resulting brownish-yellow colour is matched 
with the standard colour of the apparatus. The reading was made as percentage and then converted 
to g/dl. 
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The packed cell volume was determined using microhaematocrit technique (Jain, 1986).Fresh blood 
samples were drawn in capillary tubes and centrifuged in amicrohaematocrit centrifuge (Hawksley 
and sons Ltd. England) for five minutes. The PCV percent was read off by the scaling instrument 
provided with the centrifuge.  
 
Red blood cell (RBC) and white blood cell (WBC) counts: RBC and WBC were determined by 
hemocytometer method (Bauer et al., 1974). About 5ml blood was collected from the jugular vein of 
each animal at week intervals using ETDA coated vacutainer tubes.    
 
 
3.10 Data management and analysis 
 
Data were recorded in Excel spreadsheet and summarized with descriptive statistics (means, 
standard error and percentages) were calculated. Means were compared among groups through 
analysis of variance (ANOVA).In addition to express the, hematological conditions, egg excretion, 
and worm burden and drug efficacy trial analytical statics were used. All data were analyzed using 
Statistical Package for Social Sciences (SPSS) version 20 statistical software. The Pearson 
correlation test was used for assessing the correlation between parameters. Probability (P) value less 
than 0.05 were used to determine the level of significance. 
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4. RESULTS 
 
 
4.1. Clinical observations 
 
No clinical signs were observed on uninfected control group during the experimental period. On the 
other hand, all infected groups showed signs of depression, reduced feed intake, pale mucous 
membrane and loss of body condition. Sheep treated with albendazole and ivermectin showed 
gradual improvement in their appetite and general condition and they appeared healthy when 
compared with infected untreated group. 
 
 
4.2 Body weight measurement 
 
Live body weight of animals in the negative control group had gradually increased compared with 
the three infected groups as shown in Figure 2. From day 21 to day35 post infections, the live body 
weight of infected lambs decreased significantly (P< 0.01) compared to the negative control group. 
On the post treatment day49 onwards, the animals treated by albendazole and ivermectin were 
gradually gained body weight. In the animals of infected no treated group (G3), the body weight 
continuously decreased with highly significant difference(P< 0.01)compared with other groups 
albendazole treated and ivermectin treated especially at day 49 post treatment shown in table 2 and3. 
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Figure 2: Mean body weight measurement in the four experimental groups 
 
Table 2: Body weight measurement before treatment in sheep experimentally infected with H. 
contortus 
body weight measurement Group  Mean+SD 95%CI for Mean P value  
 
Body weight 
G1  17.30+1.218 16.73-17.87 0.000 
G2 17.79+1.475 17.08-18.50 
G3 16.94+1.434 16.23-17.66 
G4  19.94+1.924 18.99-20.90 
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Table 3: body weight measurement after treatment in sheep experimentally infected with H. 
contortus  
 
Bodyweight measurement Group  Mean+SD 95%CI for Mean P value  
 
body weight 
 G1 16.93+1.163 16.29-17.58 0.000 
G2  17.27+1.163 16.62-17.91 
G3 12.40+1.352 11.65-13.15 
G4 23.80+1.656 22.88-24.72 
 
4.3 Parasitological findings 
 
The overall mean parasitological parameter of all experimental animals during the study period is 
summarized in Tables, 4 and 5. Likewise, the parasitological parameter of all experimental animals 
at different time points of the study period are indicated in Fig.3, 4, and 5. Significant decrease (P < 
0.001) of mean FEC in all infected groups compared with the non-infected control group.  
 
4.3.1 Faecal egg count 
 
No egg excretion was observed in faecal samples collected from non-infected control animals 
throughout the experimental period. In the three groups of infected animals both treated albendazole 
and ivermectin and infected non- treated, the egg excretion patterns were similar starting from day21  
post infection, increasing regularly up to day 35 post infection  with no significant differences (P> 
0.05) between them. But in the albendazole and ivermectin treated animals the egg excretion 
dropped to zero level after day 49 post infection ( post treatment)  compared to infected non-treated 
animals in which egg excretion increased up to day 56 post infection and then after it gradually 
decreased. The egg excretion infected sheep shown in figure 2 
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From day 21 post infection to day 35 post infection, there was a statistical significance difference 
(P<0.01) between three infected groups with negative control. After the day post treatment the two 
groups albendazole  and ivermectin  treated group the egg excretion were dropped to zero and there 
were significance difference between albendazole and ivermectin treated with infected non treated 
group (P<0.01). FECs were negatively correlated with body weight, PCV, Hgb, RBC and WBC (r= 
-0.72, P<0.01, r= -0.821, P<0.01, r=-0.764, P<0.01, r=-0.785, P <0.01and r=-0.015, P>0.05, 
respectively) and positively correlated with worm burden (r= 0.956, P<0.01).The egg excretion 
infected sheep before and after treatment is shown in table 4 and 5. 
 
 
 
Figure 3: Egg excretion pattern of sheep in the four experimental groups during the study period 
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Table 4: FEC before treatment in sheep experimentally infected with H. contortus 
 
 
Parasitological value 
Group  Mean+SD 95%CI for Mean P value  
 
FEC 
G1  4125.00+5074.692 1749.97-6500.03 0.007 
G2  4184.21+4933.476 1806.35-6562.07 
G3 4861.11+5506.482 2122.80-7599.42 
G4  0.00+0.000 .00-.00 
 
Table 5: FEC after treatment in sheep experimentally infected with H. contortus 
 
Parasitological value Group  Mean+SD 95%CI for Mean P value  
 
FEC 
G1  446.67+937.982 -72.77-966.10 0.000 
G2  460.00+975.266 -80.08-1000.08 
G3 17500+5835.727 14268.28-20731.72 
 
 
4.3.2 Fecal egg count reduction test (FECRT %) 
 
The treated groups were observed to be totally negative for EPG count after 14 day post treatment 
shown in table 6. Infected treated group statistically significance compared to the infected non 
treated group P<0.001. All albendazole and ivermectin treated groups  reduced the fecal egg counts 
by 100% suggesting that H contortus is susceptible to all the two tested anthelmintics. 
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Table 6: FECRT% and anthelmintic efficacy against H. contortus 
 
Anthelmintic treatment Pre- treatment 
D35 
post –treatment 
D42 D49 D21 D28 
Albendazole group 
FEC 
FECRT% 
Upper 95% CI 
Lower 95% CI 
Drug effectiveness 
12800.00 2233.33 0.00 0.00 0.00 
 83% 100% 100% 100% 
16187.69 3267.56 0.00 0.00 0.00 
9478.98 1199.10 0.00 0.00 0.00 
 - Effective  Effective Effective 
Ivermectin group 
FEC 
FECRT% 
Upper 95% CI 
lower  95% CI 
Drug effectiveness 
12200.00 2300.00 0.00 0.00 0.00 
 81% 100% 100% 100% 
15408.76 3683.11 0.00 0.00 0.00 
8924.57 910.89 0.00 0.00 0.00 
 - Effective Effective Effective 
Infected non treated 
FEC 
FECRT% 
Upper 95% CI 
Lower 95% CI 
Drug effectiveness  
12900.00 15000.00 18100.00 19500.00 17900.00 
- - - - - 
21,444.13 26,285.75 35,417.89 37,668.20 35,330.58 
4,355.87 3,714.25 848.78 1331.80 402.75 
- - - - - 
 
4.3.3. Worm burden count at necropsy  
 
No any developmental stages of adult H. contortus was detected from the abomasum of infected 
treated lambs with albendazole and ivermectin and uninfected control group while examination of 
the abomasum of infected non-treated lambs at necropsy revealed the presence of H.contortus, 
mainly adults and a very few immature stages (especially fifth larval stage) . The mean number of 
adult H. contortus recovered from sheep in infected non-treated groups was 1519.00+124.286 with 
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significant differences (P<0.01) between treated and non treated groups. The worm establishment 
rate for infected non-treated group was 30.38%. Adult H. contortus collected from infected non 
treated group shown in figure 4 and abomasum of treated sheep (A), abomasum of infected non-
treated sheep (B) shown in figure 5 
 
 
 
Figure 4: Adult Haemonchus contortus collected from the abomasum of untreated infected sheep 
(A&B) 
 
 
 
Figure 5: Abomasum of treated sheep (C), Abomasum of nontreated infected sheep (D) 
 
4.4 Hematological finding  
 
The overall mean haematological changes of all experimental animals during the study period are 
summarized in Tables 7 and 8. Likewise, the haematological changes of all experimental animals at 
different time points of the study period are indicated in Fig.7, 8 and 9.Significant decrease (P < 
0.05) of mean PCV, Hgb concentration and total RBC counts was detected in all infected groups 
compared with the non-infected control group.  
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4.4.1 Packed cell volumes (PCV) 
 
Animals of negative control group showed normal PCV values throughout the experiment. All 
animals of three other groups, infected with third larval stage of H. contortus showed similar PCV 
pattern. However, there was significant reduction (P < 0.01) in PCV when compared with non-
infected controls. The PCV value of infected non treated group animals was significantly reduced 
(P< 0.01) compared to the albendazole and ivermectin infected treated groups. In lambs of 
albendazole and ivermectin treated group, the PCV value was found to gradually improve starting 
from day 14 post treatment after worm expulsion i.e. from day 49 post infection and the values 
returned to normal level on day 63 post infection .  
 
 
Figure 6: Mean packed cell volume (PCV) in the four experimental groups during the study period. 
 
4.4.2 Haemoglobin (Hgb) concentration 
 
A significant reduction (P< 0.05) of Hgb concentration was observed in all infected group as from 
day14 to day35 post infection compare to non infected group. The lowest values were recorded on 
the day 35 post infection in all infected group  after day 35  post infection day 14 post treatment or 
day 49 post infection albendazole and ivermectin treated group was significant increase in Hgb 
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concentration compare to the infected non-treated group (P<0.05). On the other hand, no significant 
changes in Hgb concentration were observed in control animals negative control group.  
 
 
 
 
Figure 7: Mean Haemoglobin (Hgb) concentration in the four experimental groups during the study 
period. 
 
4.4.3. Red blood cell count (RBC) 
 
All infected groups showed significantly decreased (P<0.01) in red blood cell as compare with the 
non infected control group from day 14 post infection to day 35 post infection. After day 35 post 
infection post treatment the albendazole and ivermectin treated group showed significantly increased 
in red blood cell as compare with the infected non-treated group ( P<0.05). In animals which were 
treated with albendazole and ivermectin after day 49 post infection significant differences were 
observed throughout the experimental period when they were compared with infected non-treated 
group.  
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Figure 8:  Mean red blood cell (RBC) in the four experimental groups 
 
4.4.4 White blood cell (WBC) count 
 
All infected groups was not statistically significantly (P >0.05) in white blood cell as compared with 
the non infected control group throughout the experimental period. H. contortus did not lead to 
significant changes in total white blood cell counts. From day14  post infection to day35 post 
infection. After day 35 post infection and post treatment the albendazole and ivermectin treated 
group showed no significantly difference white blood cell as compare with the infected non-treated 
group(P>0.05).   
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Table7: Haematological values before treatment in sheep experimentally infected with H.  
contortus 
 
Haematological value Group  Mean+SD 95%CI for Mean P value 
 
PCV 
G1 23.10+5.776 20.40-25.80 0.000 
G2 22.68+5.447 20.06-25.31 
G3 22.67+5.615 19.87-25.46 
G4  29.94+1.589 29.15-30.73 
 
Hgb 
G1 8.20+3.002 6.80-9.60 0.000 
G2 7.95+2.571 6.71-9.19 
G3 8.17+2.571 6.93-9.40 
G4  11.56+1.149 10.98-12.13 
 
RBC 
G1 7.88+1.659 7.10-8.65 0.000 
G2 8.36+1.766 7.51-9.21 
G3 8.02+1.744 7.15-8.89 
G4  9.86+0.854 9.44-10.29 
 
WBC 
G1 7.10+0.585 6.83-7.38 
G2 7.35+0.985 6.87-7.82 0.161 
G3 7.33+0.912 6.87-7.78 
G4  7.73+0.843 7.31-8.15 
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Table 8: Haematological values after treatment in sheep experimentally infected with H. contortus 
 
Haematological value Group  Mean+SD 95%CI for Mean P value 
 
PCV 
G1 22.27+4.713 19.66-24.88 0.000 
G2 22.60+4.421 20.15-25.05 
G3 13.67+2.289 12.40-14.93 
G4  29.73+1.335 28.99-30.47 
 
Hgb 
G1 6.80+1.821 5.79-7.81 0.000 
G2 7.27+1.981 6.17-8.36 
G3 3.20+0.941 2.68-3.72 
G4  10.60+0.986 10.05-11.15 
 
RBC 
G1 7.21+1.243 6.52-7.89 0.000 
G2 7.45+1.084 6.85-8.05 
G3 4.85+0.719 4.45-5.24 
G4  9.78+1.052 9.20-10.36 
 
WBC 
G1 7.69+0.530 7.39-7.98 
G2 7.93+0.650 7.57-8.29 0.060 
G3 7.59+0.602 7.26-7.93 
G4  8.38+0.599 8.05-8.71 
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5. DISCUSSION 
 
 
During the present experimental study, the main clinical signs observed in sheep infected with 
Haemonchus were depression, weakness, emaciation, loss of appetite and pale mucous membrane. 
These findings were similar to those previously reported for the natural and experimental course of 
the disease (Blood and Radositis, 1989; Omar, 1999). 
 
A decrease in body weight was observed in H. contortus infected sheep in the present study. This 
was in agreement with many previous findings (Al-Quaisy et al., 1987; Abakar, 2000). The decrease 
of body weight in H. contortus infected animals may be due to anorexia which results in decrease of 
food intake and/or decrease of the digestibility of nutrients due to alteration in abomasal pH 
(Nicholls et al., 1988). 
 
This study further showed that haemonchosis had a significant effect on live body weight, body 
condition and health of infected animals at large. Differences in body weight between infected and 
control groups were statistically significant (P<0.001) which agrees with the findings of Fantu et al., 
(2012) 
 
The results of the present study showed the absence of egg excretion in non-infected control lambs 
and the pattern of egg excretion in the three remaining infected groups (G1, G2, and G3 or infected 
treated albendazole, infected treated ivermectin and infected non- treated groups) throughout the 
experimental period.  This result is in agreement with the results obtained from some experimental 
infections with Haemonchus contortus (Yacob et al., 2009; Fantu et al.., 2012). 
Based on the observed parasitological parameters, the lambs appeared to be very susceptible to the 
infection of H. contortus. The results in the present study regarding worm burden, their 
developmental stages, establishment of infection and correlation with FEC were similar to the 
results obtained from previous experimental trials on abomasal nematode, H. contortus (Yacob et 
al., 2009; Fantu et al.., 2012). 
 
32 
 
In all infected animals, the first egg excretion was detected on day 21 post infection. This was in 
agreement with earlier reports elsewhere (Yacob et al.., 2009; Fantu et al.., 2012.). Mean while, the 
mean EPG level was gradually increased throughout trial period which might be due to an increase 
in female worms fecundity associated with maturation of existing worm population starting from 
day 21 post infection This finding is in agreement with (Yacob et al.., (2004): Fantu  et al.., 2012). 
In this study, the prepatent period was similar for all Haemonchus infected animals. Faecal egg 
count was negatively correlated with live body weight, Hb concentration, PCV, RBC and WBC 
while positively correlated with worm burden. This is in agreement with the finding of (Fantu, et al., 
2012).  
In this study, the total mean FEC was generally similar in all infected groups with no significant 
difference between the three infected groups but there was a significance difference with non-
infected control group. The total worm burden at necropsy indicated that, sheep employed in this 
study were susceptible to experimental infection with H. contortus. However, the establishment 
percentage was 30.38%. These findings were confirmed by previous results on susceptibility of 
sheep to experimental infection of H. contortus this in agreed with the finding of (Elhassan, 2002).  
The haematological alterations in H. contortus infected sheep in the present investigation were 
dominated by decreased PCV values, Hgb concentration and red blood cells. The decrease in PCV 
and Hgb was largely related to blood loss from the abomasum by the sucking activity of the 
immature larvae and adult parasite of Haemonchus contortus these find agreed with (Al-Quaisy et 
al, 1987). This process would be lead to the loss of considerable amounts of RBCs with consequent 
loss of iron and ultimate development of iron-defeciency anaemia (Dargie and Allonby, 1975).  All 
infected lambs with H. contortus were severely anaemic. 
 
In the current study, the decline in PCV was detected right from the beginning of infection in 
Haemonchus received sheep. Haemonchosis has been described as an acute syndrome characterized 
by severe anaemia associated with the rapid gaining of large worm burdens. The pattern of changes 
in the PCV values of in infected animals might show sever blood loss. These finding agree with 
(Soulsby, 1986). 
 
The observed course of anemia in groups infected with H. contortus was in agreement with the 
works of Yacob Hailu et al., (2009) for anemia induced by abomasal nematode parasite H. 
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contortus. Similarly, Getachew et al., (2005),  ; Fantu, et al., (2012)) reported that the trend of 
anemia in H. contortus infection follows rapid fall in haematocrit values in the first 3 weeks post 
infection followed by further drop in haematological parameters until the end of the experiment. 
 
In the present study all infected lambs showed slight decrease in PCV values, Hb concentration and 
erythrocyte counts when compared with the uninfected control. These decreases might be 
attributable to the blood loss that resulted partly from sucking activity of both larval and adult stages 
from hemorrhages associated with the damaged epithelium of the abomasi these finding agreed with 
(Rahman and Colins, 1990). 
 
The current work documented that infected lambs developed anemia as indicated by a decrease in 
haemoglobin concentration, PCV and RBC values. This might be related to the blood loss resulting 
from invasion of the abomasal mucosa by fourth stage larvae and adult worms. This is in agreement 
with the finding of these Abbott et al. (1986) and Rahman and Collin (1990).  
 
The efficacy results of the FECRT carried out and interpreted according to the WAAVP 
recommendations wood et al., (1995) provided evidence of susceptibility of H. contortus to the two 
tested anthelmintic drugs: albendazole (East Africa Pharmaceutical Ethiopia albendazole 300-mg 
bolus and ivermectin (IVERVIC 1 INJECTION, SSP, China, 0.02ml/kg). 
 
The results of the controlled anthelmintic efficacy tests based on reduction in worm burden for each 
group infected treated  groups of all experimental lambs and the calculated efficacy percentages of 
all two anthelmintics ( albendazole and ivermectin) based on FECRT were 100% according to Coles 
et al.,( 1992). Results of the FECRT finding is also supported by the necropsy analysis in which all 
the evaluated anthelmintics at the manufacturers' recommended dose rate have completely removed 
all the internally established of H contortus from all infected treated lambs, further confirm the 
100% efficacy of all tested drugs.  
 
The present study indicated that susceptibility of Haemonchus contortus to ivermectin the efficacy 
of ivermectin was100% this is in agreement with the finding of Yacob Hailu, (2009), Silvia et al., 
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(2016). One of the probable reasons is due to the very low frequency of anthelmintic treatment 
practiced in the area 
 
In the current experimental study, albendazole and ivermectin were found to possess a 100% 
efficacy against isolate of H. contortus at the dose recommended by manufacturers using the 
FECRT and controlled anthelmintic efficacy evaluations tests this is in agreement with the finding 
of  Melaku et al..,(2013). On the contrary, albendazole and ivermectin resistant to H.contortus were 
reported by Sissay et al., (2006) in Eastern Ethiopia.  
 
In the present study albendazole was effective for Haemochus contortus infection this is in 
agreement with finding of Melaku et al., (2013), but disagree with the finding of Bersissa and 
Abebe, (2009). These may be related with the difference in anthelmintic utilization in different parts 
of the country.  
 
In the present study both albendazole and ivermectin drugs are effective for the treatment of 
Haemonchus contortus in experimental infected sheep this is in agreement with the finding 
Getachew et al., (2013).In contrary with finding of Takel et al., (2013). These may be related with 
the difference in anthelmintic utilization in different parts of the country 
 
In the present study, animals treated with albendazole and ivermectin after two weeks post treatment 
shown completely reduction in worm count a significant difference were observed when compared 
with the infected non-treated groups based on the feacal egg count reduction tests and reduction of 
worm burden. Haemonchus contortus infection susceptible to albendazole and ivermectin drugs. 
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6. CONCLUSION AND RECOMMENDATIONS 
 
 
During the experimental period all infected Haemonchus contortus groups showed signs of 
depression, reduced feed intake, pale mucous membrane and loss of body condition.  
All Haemonchus infected sheep showed a progressive and severe anaemia characterized by marked 
reductions of body weight, packed cell volume (PCV), haemoglobin concentration (Hgb), and red 
blood cell (RBC) count compared to control animals with a significant difference (P<0.01).Adult 
worm population and the egg excretion positively and significantly correlated together, whereas they 
were negatively associated with body weight, and the other haematological parameters.. 
Albendazole and ivermectin are the most commonly used anthelmintic drugs in the areas. The 
anthelmintic activity of albendazole and ivermectin were evaluated in a controlled trial against 
experimentally acquired H. contortus in sheep. This study indicates administration of albendazole 
and ivermectin holds potential as an effective treatment for H. contortus in sheep. Current results 
demonstrate a high therapeutic efficacy of albendazole and ivermectin against experimentally 
acquired H. contortus in sheep. In addition, both types of anthelmintics were observed to be equally 
effective against H. contortus in the trial population. Furthermore, the present findings indicated that 
the drugs have shown very satisfactory performances in terms of the removal of parasites and the 
changing of healthy hematological parameters.  In this study, the efficacy trial showed that 
Albendazole and ivermectin were effective in reducing fecal egg output. Therefore, the current 
finding suggests that there is a good state of efficacy for all tested anthelmintics (albendazole and 
ivermectin) against H. contortus of sheep. 
 
Therefore, based on the above conclusion the following recommendations are forwarded: 
 Proper utilization and selection of anthelmintics are necessary for effective control of H. 
contortus and other nematode parasites in the country.  
 Reduction of frequency of treatment and correct estimation of animal weight to calculate 
dosage may contribute to the high levels of anthelmintic therapeutic effect.  
 The change in attitude from the farmers, through the Veterinarian and extension personnel in 
the field may contribute to anthelmintic drug’s efficacy to be preserved through judicious 
and planned treatment time in order to avoid drug resistance.  
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 Further studies are required to demonstrate the efficacy of the widely used anthelmintics in 
different agro ecologies, animal species and livestock management systems. 
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8. ANNEXES 
 
Annex 1: Fecal floatation method (MAFF, 1986) 
Fecal floatation method; it is based on difference in specific gravity parasite eggs cysts and larvae 
and that of fecal debris use in this method types from floatation solution for example zinc sulfate 
The procedure of method  
1 place about 2 gram of the fecal sample in a suitable container such as a cup  
2 add 30 ml of floatation solution make an emulsion by mixing the solution with the feces  
3 strained through a metal tea strainer in to second cup are poured in to test tube  
4 add the floatation solution until a meniscus formed in test tube  
5 a glass cover slip is placed over the meniscus and allowed to remain for 10-15 minutes depending 
on the floatation medium 
6 after that the cover slip is removed and placed on a slide and then examined under the microscope 
Annex 2: fecal sedimentation methods (MAFF, 1986) 
Sedimentation procedure is concentrate both feces and eggs at the bottom of a liquid  medium it is 
primarily used to detect eggs or cysts that have too high a specific gravity  
 The procedure of method 
1 mix 2 gram of fecal with tap water in a cup or beaker 
2 strain the mixture through a tea strainer in to centrifuge 
3balance the centrifuges tubes and centrifuge the sample at about 1500 cycle per minute or (rpm). If 
centrifuge is unavailable allow the mixture to sit without the disturbed for 20-30 minutes  
4 pour of the liquid in the top of the tube without disturbed the sediment at the bottom 
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5 using pipette and bulb transfer a small amount of the top layer of the sediment to a slide. If the 
drop is too thick dilute it with a drop of water    
6 placed a cover slip to the drop and examine under microscope 
Annex 3: Baermann methods (MAFF, 1986) 
 It is used to search for the larvae of around worms from feces or soil. The Baermann apparatus 
consists of stand and a ring supporting a large glass funnel. The funnel stem is connected by pieces 
from the rubber tube. This tube is containing on plug in end it. A piece of a metal screen (net) is 
placed in the funnel to serve as a support for sample. The funnel is the filled with water at about 30 
degree centigrade to a level 1-3 cm above the sample. 
The procedure of method 
1 spread pieces of a gauze piece out on the support screen in the Baermann apparatus. Place 5-15 
gram of the feces, soil on the gauze. But sure that the sample is covered by the warm water 
2 allow the apparatus to remain undisturbed over night  
3 place the slide or petridish under the rubber tube and open the plug to allow a large drop of fluid to 
fall on the slide apply a cover slip to the slide and examine it microscopically for the presence of 
larvae     
Annex 4: fecal culture methods (MAFF, 1986) 
It is used in diagnostic parasitology to differentiate whose eggs and cysts cannot be distinguished by 
examination of fresh fecal sample. For example the eggs of large strongyles in horse are very similar 
to these of small strangles. 
The procedure of method  
1 place 20-30 gram of fresh fecal sample in ajar. Break up the feces and moisten slightly with tap 
water 
2 a place the jar in a shelf away from direct sun light and allow it to incubate at room temperature 
for 7 days after that place drop from a jar on the slide and apply a cover slip to the slide and pass it 
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over the open flame of a Bunsen burner once or twice to kill the larvae then place the slide under 
microscope for identify the larvae. 
Annex 5: egg counting technique (MAFF, 1986) 
Modified McMaster faecal egg count (FGC) procedure the method described below has a 
determined limit of 25 EPG which makes it useful for identifying high egg shedders but less 
appropriate for the FECRT 
Supplies needed 
Disposable paper cup or small container for feces 
Small strainer (household) 
Pipette, eye dropper or syringe to dispense fecal solution 
Cheese cloth or gauze sponge  
McMaster slide 
Floatation medium   
Procedure steps  
1 weight out 3g of feces in a small container Or paper cup   
  2 add 26 ml of floatation medium (to bring the volume up to 30 ml) to feces. Mix well a note. If 
you do not have a scale you can add feces to the 26 ml of solution and when the volume reaches 30 
ml you have add 4 g  
3 straining through one or two layers of cheese cloth, one layered gauze squares or tea strainer mix 
well 
4 mixes the sample well and then immediately with draw about 1ml of the suspension with a pipette 
or syringe and fill the first counting chamber of the McMaster slide 
a) Repeat the process to fill the second chamber  
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b) Let the slide stand for two to five minutes to allow eggs to float to top. If visible air bubble 
are presentedthe chamber should be emptied 
5 step three and four should be done  at the same time without letting the sample sit between steps 
since eggs are in floatation fluid and immediately begin to rise to the top of the fluid you want be 
sure to get a representative sample of the mixed solution. 
6 once chambers are filled step. Three can be started for the next sample 
7 once filled the chambers can set for 60 minutes before counting without causing problems if using 
sodium nitrate. Longer than this and drying (crystal formation can begin with sodium chloride, 
crystal formation occurs much more quickly. 
8 count all eggs inside of grid areas ( only count the eggs which have more than half of their area 
inside the outer line of the grid ) at 100×total magnification (10×ocular lens and 10×objective lens ) 
focus on the top layer, which contains the very small air bubble (small black circles. Count both 
chambers. Count only strongyle eggs oval shaped, about 90 microns long. Ascarid eggs( round , 
about 80-90microns long ) can also be counted but should be counted separately from the strongyle 
eggs. 
9multiply the number by 25 to get a final result in eggs per gram of feces. 
Annex 6: Collection of infective larvae (MAFF, 1986) 
Procedure  
1 fills the culture jar with water 
2 allow it to stand for a few minutes while air escapes from the faeces vermiculites mixture topping 
up the jar until the water meniscus protrudes over the lip of the jar 
3 place a petridish upside down over the mouth of the jar 
4 invert the jar and the petridish  
5 more water is added to the petridish about 20ml 
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6 after a period of a few hours to allow the L3 to migrate out of the culture in to the water and to 
settle to the bottom in the petridish 
7 the water containing the L3 is removed with a pipette 
8 petridish containingL3 examine under stereomicroscope. 
Annex 7: Process of packed cell volume (Jain, 1986). 
1. Blood was collected in heparinized (EDTA) tube. 
2. The capillary haematocrit tube would be filling up to 3/4 of tube. 
3. One end of tube wouldbeseal with crystal sealant or clay/soap. 
4. The tube would be placed in the microhematocrit centrifuge with sealant at the outer end. 
5. The blood in capillary tube would be centrifuged at 12,000 rpm for 5’. 
6. The tubes would be taken from the hematocrit centrifuge and placed on the hematocrit reader to 
determine the PCV.rule of haematocrit reader  
a) Align the top of sealant or bottom of erthyrocyteto the zero line  
b) Align the top of the plasma to 100 or top of line  
c) Take the measurement just on the top of erythrocyte. 
7. Express the result in terms of percentage 
Annex 8: Procedure for Hemogilobin concentration.(Hgb) determination  
SAHLI’SACID HEMATIN METHOD 
1. Fill the graduated tube of the hemoglobinometer to 2 marks with 0.1N HCL 
2. Make ear puncture on take anticoagulanted blood with sahli s to the level of 20 marks 
3. Wipe the outer part of the pipette with apieces of cotton to remove blood  
4. Expel the blood in to the graduated tube of the hemoglobinometer and rinse   the inside part of the 
tube several times  
5. Allow to settle for one minute to complet the reaction 
6. adding of water drop by drop to the graduated tube and mix with glass stirring rod  
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7. Continue the above process until the colour of the solution in the graduated tube much to the 
colour of the standard on the hemoglobinometer 
8. Take the measurement on the upper meniscus of the solution  
9. Express the results in grams per deciliter (gm/dl)  
Principle of the test 
The principle of the test is that acid converts hemoglobin to a dark brown solutionknown as acid 
hematin    
Annex 9: Procedure total red blood cell counts (Jain, 1986). 
1. Fill hemocytometer with fresh or anticoagulanted to 0.5 marks of RBC Pipette. Wipe the outer 
part of the pipette with a piece of cotton  
2Take dilution fluid must be drawn in to the pipette with asteady suction to the 101 line above the 
bulb. The blood is diluted in 1:200 ratios. The dilution factor for RBC is 200 
3. Bring the pipette to horizontal position by place figures over the tips and mix gently for at least 
2to 3 minute    
4. Discard 4 drops of the dilution fluid from the stem of the RPCs pipette (the pipette contains red 
rod in the bulb  
5. Cover the hemocytometer with cover glass carefully to avoid dirt and contaminants  
a. There is only a space of 0.1 mm between cover glass  and hemocytometer slide  
6. Charge the counting chamber chamber hemocytometer by keeping the counting chamber in the 
petridish or the stage of microscope allow to settle for 5 minute  
7. Counting the cell in the 5 square (the four at the corner and the one at the middle).  
NB: 
The final result of the red blood cell count is the number of cells in 1 mm3of undiluted blood  
But we diluted blood and count in the less than 1mm3 which is 0.02mm2 
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To solve these problems multiply the total number of the cells by 2 ( two) correction factor 
       The dilution correction factor 
      The volume correction factor  
To get this correction factor do the following calculation: 
      Area of one ‘R’=0.04 (0.2mm length *0.2 length width) 
      Depth of one ‘R’ 0.1mm 
      Volume of one =0.04*0.1=0.004mm3  
      Volume of 5R =0.004*5=0.02mm3 
We counted the cells in 0.02mm3 only but our reports must be in1mm3  
Volume correction factor =volume desire =       0.1mm3   =50 
                                                Volume used       0.02mm3 
The volume of correction factor is =50 
The dilution correction factor is =200 (0.5part of blood diluted with 100  5 partsof dilution fluid ) 
The total number of RBCin the 5 squares must be multiplied by the above correction factors 
(Volume correction factor (50) and dilution correction factors (200) =10000) 
Rule for counting techniques 
a) Cells touching top and left lines are counted 
b) Cells touching bottom and right centers are not counted 
A variation of more than 25 cells between any of the 5 squares counted indicated uneven 
distribution and leads to discard of the techniques and refill the chamber with other drop. 
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Annex 10: Procedure white red blood cell counts (Jain, 1986). 
1. Fill hemocytometer with fresh or anticoagulated blood to 0.5 mark of WBC pipette. Wipe the 
outer part o the pipette with a piece of cotton  
2. Taka dilution fluid must be drawn in to the pipette with a steady suction to the 11 line above the 
bulb. The blood is diluted in 1:20 ratio. The dilution factor will be 20. 
3. Bring the pipette to a horizontal position by place fingers over the tips and mix gently for at least 
2 to 3 minutes. 
4. Discard 4 drops of the dilution fluid from the stem of the pipette  
5. Cover the hemocytometer with cover glass carefully to avoid dirt and contaminants 
6. There is only a space of 0.1 mm between cover glass and hemocytometer slide  
7. Charge the counting chamber ( hemocytometer ) by keeping the counting chamber in the Petridish 
or the stage of microscope allow to settle for 5 minute  
8. Counting the cell in 4 large squares found at the outer layer of the ruled area. 
NB: 
The final result of the white blood cell count is the number of cells in 1mm3 of undiluted blood  
But we diluted blood and count in less than 1mm3 which is 0.4mm3 
To solve these problems multiply the the total number of the cells by 2 (two) correction factor  
    The dilution correction factor  
    The volume correction factor 
To get this correction factor do the following calculation 
    Area of one ‘W’ =1MM3 (1mm length *1mm width) 
    Depth of one ‘W’=0.1mm 
    Volume of one ‘W’ = 1mm2 *01=0.1mm3 
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    Volume of 4’W’=0.1mm2*4=0.4mm3 
We counted the cells in 0.4mm3 only but our report must be in 1mm3 
Volume correction factor =volume desired = 1mm3   =2.5 
                                            Volume used         0.4mm3 
The volume correction factor 2.5 
The dilution correction factor is =20 (0.5 part of blood diluted with 10.5 part of dilution fluid) 
The total number of WBC in the 4 large squares must be multiplied by the above correction factors 
(volume correction factor and dilution correction factors 2.5*20=50) 
Rules: 
All rules applied for total RBC counts also employed for total WBC counts. 
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